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AIMIIWCI-  ‘1’his p:Ipcu (Icmribcs  tl)c. 1 )A’1 ‘A-
(: IIASIIX Automated l’l:ll)llel”/scl)  c.(illlcl’
(1 X:A1’S)  systcm  for atltmatically  gene.rating,
low lc.vc] command scqucnc.e.s  from lli:,h-level
NW go:Ils.  1  X:A1’S uscx ar[ific.id ii]tcllig, c]m
( A l )  Mc.(1 sc:lrch kxhniquc.s  ml an i[cra[ivc
r e p a i r  f’ramcwork in w h i c h  t h e  systcm
SCICCI ivcl  y rcso] vex conflicts with the rcsourcc
al)(l tclllporal constraints of the. 1 )A’J’A-
[II IASIIH<  shut[lc.  payld activities.
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Ck)InmaId  scquc.ncc  g,cmxation f o r  spxxxrafl
()])~’l:lli()llsc:illl)c  a l abor ious  ]-)roccss  r e q u i r i n g
:1 g,rc:lt  (kxll o f  spcciali7c.cl kllmvlc(lgc.

(:ollllnald  Sc.ts  call 1X 1:11’#,c, with cd

Colllm:lnd  pcrformit]s  a l(nv-lc.vcl  t r ek ,  ‘1’hc.rc
may k lminy  intcracti(ms  bctwccn  llIc
Col]llnands  (11  IC to tllc  Llsc  o f  rcs[)lll’ccs.  111
addition, (luc 10 power and wcip,ht  limitations,
t I)c rcswlrccs  :Ivail:lhk  on-lmrd  spmxrail  tcd
(0 lK scawc. IIccausc  of this complexity, tools
to ;lssist  in plannil]g :UNI schc(lulin:,  spacccraf(
activi(ics :irc critical 10 rcxlucin:j  the cost ad
c. flort of ]nission  opcrali(ms.

‘J’l]is  ]mpcr dcscritxs  a gcmwl systcl]l  tlmt USC.S
Artificial lntclli:,c.ncc,  l’lanning  :tn(l  Sclm(luli]lg
tc.clmology  to au(om:ltically  gcncratc  co]nmmd
scqucmxs  f o r  (IK IIA’I’A-C1 IASI R SIIUIIIC
]);lyloa(l o])crations. ‘1’lIc IJA’I’A-CY IASIII<
Automatcd l’l:it)llcl’/scllc(llllcI’ (lX:A1’S)
arcllitcciurc prcscntc.d Sllppolls (Ii rcc[,
il ][cract  ivcf co]lll]]:ll](li]lg,,  rcschc(luling  atd
rc liii  r,1 rcsotll”cc allomt ion, aI)(l c(ms[r:]int
lnaintcmncc,

‘1’hc 1 X~A1’S ward al~,(withm W:IS (lcwclopcd
lmscd on the “i(cral  i vc rcpai r“ tccllniqur  usccl  in
[ 14]. IIasically,  this tcchniquc  ilcrativc]y  selects
a sclm(lulc  conflict  and pc.rforms  so] N adi(m  in
:tti at[cmpt  to r e s o l v e  Illc cm) flic[.  llsing  ii
lC])ilil’  :ilf,orithm, IX:A1’S  is na(umlly well -
a(hptc(l f o r  human  intcrdclion.  ‘J’lmcfor,  Ihc.
sclm(lulcr  C:IH h USC(I  a s  a  tool 10 :Issis[
lMyl(M(l co]nm:lnd scquc.ncinp,.  Witl) tlm usc o f
tliis t oo l ,  scqLIcIIciIlg  lxmms sillll)lc.  cnou~l)
to bc :Iccomplishcd by n(m s]xicccraf’[ and
scqmmcing,  c.xpcrts, SUCII as t h e  m i s s i o n
scicmtists.  ‘1’his a l lows  tlm sckntist  to lmcomc.
(lircctly  involved in lllc command scqucllcing
])roccss.  liollowing  any Clmngjcs  iil sjmcccrafl
s[:ltco]~lsc]’-(lcfil]c(l  goals$  the. repair alg,oritllin
:III(ws simp]c,  11(~]~-(lislll]lti~’c  ]cscllc.(llllif  lg,.
l;il]:llly,  tl]cl]ig,l]ly]  cstlictivc]~:l  ylo:l(i  rcsmrcc.s
:In(l constraints arc c(msis(cmtly  ]nonitorcd  aMl
collflicts:l}~oi(ic(i”  :Il]to]ll:ilic:llly.

‘1’lK IX:A}’S systcm is lxjng, dc.vclopc(l f o r
opcmt  ion o f  tlm IJA”J”A-(31ASI  {I< sl)utlk

]Myload  wl]icl) is lminp,  manap,cd b y  studcx]ts
and faculty  o f  tlIc Llllivcrsity  o f  (klorado  :11
l] OIII(lC1’. I)A’I’A-(UIASIX  i s  [I scicncc
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llllrd-vio]ct  wave.-lcngths. ‘l’l-m first an(l oI(lcs(
of llmsc  iIISII”LIJIICIIIS ( 1‘/ yc.ars  old) is 1 ;Al<l ]S
or the 1 ;Al< Illtravjo]ct  S]JC.CI]C)I]lCICI,  which
I:lkcs a c(m[inu(ws  SpCCtl”llI)l f r o m  115 1)1)1 t o
190 nlu wjth a rcsolu[im  of . 1 2  nn], 1,ASlrl’
(1 ,ylImJ1-A]]J]m Sol:w lma~ing  ‘J’clc.scope.) takes
ilwl/:cs of (IK full solar disk of the sun in IIK

1 ,yllI;ln-  (x wavclc.t]p,lh  ( 121.6 nil])  with a {:1 I )
i]]]ay,rr.  ‘1’lm  final  i]~strullmlt  in [lm scicn[ific
pack:lg,c consists of 4 photome.tcrs,  cad hnvjng
:! diffC.J’Cllt  JIKt:l]]i  C C021till~  S() :1S to CJldk thCIH

[() look”  al (Iifkrcnt  wavclcng(hs  bc[wccn  1 and
40 nm, ‘1’hc. ol~jcctivc  of these instruments is 10
]nc:iwrc  the full disk solar  ultra\ ’iolc[ irmli:mcc

ass(wj:l[i(m of 1 .yman-u,  fluxes  with itdivi(lunl
wtivc rq,ims  of tlm sun.

‘1’hc fli:,ll[  sc.gmcn[ 0 1  t h e .  1  )A’I’A-(Y IASI H<
]woicxt  c o n s i s t s  of a amistcr tl)at  is cqllipl)c(l

\villl  a  1  li[cllhikcr  Mo[orjml  1)(w Asscmb]y
(1 lMI )A) which houses the jns[rumnts  and
lhcir  suppor[  dcctronics. ‘1’hc  sccoId cmistcr
c(ml:iins  lhc fli@lt compMcr  for lhc pyload  w
WCII w t h e  2  G13 1 )igi[al  Audio  ‘1’apc (1 )A”l’)
d r i v e  11):11 is u s e d  10 s t o r e  :(11 d;IIa tlI;It is

Collcc!c(l d[lrjng  lhc miss ion .  ‘J’hc p a y l o a d s  (hila
iS :11S[) SC!](  t o  tk ~>l”ollld SySkJH  thJ”OU@ b o t h

lo\v  J’:ltC (:lvailablc 90% of t h e  tiJllc,  @ 1 2 0 0 ”
lyM) ;Ild ]lm(iiuJll  r a t e  (avdilablc WIKV1
schcdulc(l,  @ 200” kbps).  ‘lihc  p a y l o a d  i s  a l s o

C:l]Xlb]C  o f  l’CCC.  h7ill~  COJllllMIKIS  SCllt fI”OJl)  thC

~,l”OUJKl  SyStCJl) WhCJl  lJp]illk  iS :iV:lil:ib]C.

]hH’jJl~ the Jnissim, Ihc lJArliA-CJIASliR
]Hlyl(xl(l  \vjll  be opcraling  iJl folll’  (liffCJ’CJlt

mo(lcs.  Most of the tin)c I) A’1’A-(:IIASIIX  is
powcJx..dit  w’illl>c.  iJl:t]>:lssi\~c  ]]lo(lc\vl]crc.it  is
]]lo]li(oriJlg, jlsst;ltc.:ii](l”  Jmtifyinp,tlm g,rould  of
[my ch:IJIgcs.  lXJJiJIg,  t h e  l i m e  it) lhc m i s s i o n
WIICII  IIIc. Orbiter is sclwdulcd  to point the bay
a[ t h e  SUJI,  tlm I) A’1’A-CIIASI1l< ply]oad  wjl[
sl]ift  into solar  ac(ivc  lnodc  WhCJ’C (Xldl  of [k
inslrumc.nts takes  dat:i, ‘Iha[ dda is both wrjl[c.n
10 Ilm IJA’1’  (lJjvc on board  and (lownlinkc.(1 to
tlIcg,JolIJ)(l  systcJll  for iJnJm(liatc  (W aJ]alysis.
SCWCI:II  tiIllC.S (]llJ’iJl:,  (]lC llliSSioll,  l)A’l’A-
(: IIASIN will lake da[a wlJiic  JIO1  po int ing ,  al
tlm suJ]. ‘1’llis  ddt:i i s  usd foJ tcsling,  vario[ls
])ol’liollS”  O f  t]K?  I)A’1’A  C.X])CJ’illKJ)l  With Jlon-

sol:il]~oi]llil]  ~,(l; it:lit]” ti(l(li[io]]tol>citl~,”  usc(l foJ
il)S[l’lJJllCJlt  C:l]itM’;ltioJ).

OIIC  o f  tlm conscqucmccs  o f  flying  on tlm
Shll[(k S}~StCJN iS th[lt  ShUt(]C  J’CSOIIJ’CCS  2tl’C
lilni(cd  :II_J(l  tl)c.ir  av:tilability  is sul)~cct  to challfc

C. VCl’y 12 hOllJ’S.  ‘] ’] ICSC.1’CSOIII’CCS  illC]lKiC  :K’CCSS
toll]  )liJ)k:  lt)cl(lo\4~lllii  lk” cll:inllcls, WK1  tilm  tluIt

yolll]);l}~lo:l(lis”  :Ilk)wc(l  t o  opcJatc.  II)  a(klitioJ)
to(tl CSCJ’CS[)lllCCS,:  lllj~~,i\~CJl  ]My][):ld  Ill:ly  :1]S0
]l;l\CC  .Jl\~il'()J)J)lCllt:llC ()llS(l:lilltS:  lSt()]l()\V  11)11  (’h
cO1~l:ll~lit):[tioJ)”  tlIc p: Iyloa(l  can t a k e . .  AJI()(IK:J’

Cxamp]c i s  thcrml coJ~str:lints, such a s
nlaxilnuJl)  sol:lJ])oint”  tillm.

S’I’S- 85, tllc flight tlmt I) A’1’A-(:IIASIIX
payload is sclduld to fly on, is onc of tlIc
J)K)s( COJll])]i  C:ltC(i fji#ltS thlt tk ShlJ((]C ll:IS

flo\\Jlto  (l:\lc.li)  :l(l(litioJ~  t o  I)A’I’A-(31AS11H<
]);  Iy]():I(],  l] IcI’c:II’c.d  ot]lcJ’] ):lJ~]():l(ls  Sharinp,  tlIc
saJlmll Il bridg,c. IJI  d(li[io J), tlm 11111-2  l)rj(l:,c.
lIICIC. i s  amllm 1111  briclgc,  H palkt p a y l o a d ,

al)(i H ,Spar[:ln deployahlc  sa(clli[c,  ATccdlcss  10
S:ly h Shllt(lc poin[ing  l’C(]Uil’CJDCJ)tS arc
COJISi(kJ”d)]y  ti@l(. ]n :I(kli[iml  t o  mo(lclillg
\vlMt tl)c ill[cJ’11:11  cons(l”ai  J)ts aml  I’C.SOLII’CCS o f

tlm ]my]oad  aJ’c, IXA1’S  JllllSt  also SC:ll’Ch tl]c
S]lll[[k  fji~h( P]:ltl fOJ’  tilNX WhCIl  WC [{K!
a l l o w e d  to o])cratc,  downlink  ollf (1:1(:1,  [I])lillk
llC\V  C(UHllMIK]  SCt S, :lJd WhCJI  \VC ]):WC to

}Hotc.c[ CllASlil<  sciemc inslrulllcnls  fJ”OIU
collt:illlil):i(ic)Jl  cwcnts.

I)A’I’A-(HIASI:I<  is aJI iJltcJ’c.sting  sce.J~ario  f o r
scllcdlllill:,  bc.c:iusc  o f  tlm conl])lcx  data  alI(l

])OWCJ Jmtw~,cmmn[  it)volvcd in [lIc sckmcc

p,a(hcring,. A n  allt(mlatcd  SCIICdlllCJ’  JIILIS[  fil)d
al)  o p t i m a l “dala  [Ain$,”  schcdulc,  w h i l e
a(ltming, t o  thC l“CSOLIICC COJIS(llli  JltS. Ill
a d d i t i o n ,  t h e  scicntis[s  would  like 10 pc.rform
dylu[mic  srhcdulin~  durin~  the JnissioJ).  As ;m
&:~Jl@C.,  (I1C SLIJDlll:tl’y  (lald may indicate  tllc
])rcscmc.  o f  a s o l a r  flm’,.  I f  this {) CC(lJ’s,

scjcn[is(s  IIwc diffcrcm[  rc.(]llilcJl)c.  Jlls and
p,021s,  s u c h  m lli@cJ  prioJj[ics  OJ1 ccr[ain
illSh”lJJHCJlt  S 01” k) J)gcI’ il)tCg,l”Aio  J) (illXS.  ‘] ’hCSC
lIC\V &)dS JIMY K!(]llil’C  :1 diffCJ’CJlt  SC]) Cdll]C.  Of

act  ivjtics.

3. lJsIR O1’IRArIK)N

‘1 ‘k I )A’1’A-C:f lASl N Au[oma[cd
l’l:Il]JIcJ/SCl]  CCILIIC.I will bc patl o f  tlm 1 JA’l’A-
(~] lAS1 i]< IHi SSiOJl  ()})CJ’:l[i()JIS  SOf[W:ll’C.  ][ Wjll



I)c a ~IuIII(l-b:Iscd  intclli~cnl tool I]scxl for
~,cncm[illg  sclvxlu]c(l  commands for uplink  to
tllc  ])ayloa(l.  ‘1’hc  USC.1”’S lnanllal  call 1X foull(l  at
[9]. ‘1’here. arc three phmc.s  of opcrat  ing [k
1 XUA1’S sys(cun:  a g,oal  sdisfacti(m  phase, m
iiltcl  aclivc.  rcpir  phmc., and :il]  o])timimti(m
pllasc.

3.1 C; OAI, SAIISIA(:IIC)N

‘Illc fil”sl phase? o f  schc(lulinp,  in l)(~A1’S
involves gc.wm[inp,  m ini[ia]  schcdHlc  from a
SC( o f  hig,lhlcvc], Usc.1’-ddincxl  g,o:lls,  ‘lllc
s c i e n t i s t  or cmginc.cr  silnp]y rcqms[s  onc o r
Jllolc  of tllc :,[):11s, and t h e  schc(lulcr  w i l l
p,C.]lCJ-2itCl  llCl(JW’-lC\’C.l  :Miviticstha{  satisfy Illc
p,(mls.  lk)r example. ,  the scicmtist  can silnp]y
ln:ikc.  arcqucsl f{)rsol:llol  >sclv:lliolls  (llllitlg,  all
sol:lr  vimvin~ pcrio(is.  Given  this request, the
SCIW(ILIICH  w i l l  crcatc w](1 p o s i t i o n  t h e
inslnlmc.nt (la(:l-tdm ad ivit  ics d Illcir
supporlil)g  aclivjlics.

(;oal  satisfncti(m is a  way  o f  S,cmmtinp, an
initial schcdu]c..  Goals  arc ]>:tr:llllctcli7c(l,  and
crmlc. aclivjtics in positions relative to mlain
SC]lCdll]C  CVClltS  0 1  ]X1l’:llUCtCJX.  ]11  thi S W:ly,  tllC
s211  IC ~,o:ils  C: III 1x2  rc(]mstc(l  for diffcrcmt i nit id
slalcs.  ‘Jl]is Inalms  thcm Jnorc f l e x i b l e  than
altcmntc,  ways creating  an initial sc.hc.clulc,  SIIC1l
as  s imply loa(linp,  :ictivi[ics  from a fllc.. 1 ‘or
cx:imp]c,  the initial st:itc  in IIA’I’A-C1l IASI;I<
c(mlains  Shllt(lc  II1:I1lC.JIVCJ’  activjtics.  ‘lhCSC.
activities dctcrminc  the solar vic.wi[lg  pc.Ji(xls  of
the. payload. ‘1’hc solar obscrv:ition  rquc.sts  m
li:tscd rclalivc to t h e s e  s o l a r  v i e w s ,  and
tl)crcforc,  a r c  a p p l i c a b l e  to any m:tncwvcr
Sc.(]llcl)  cc.

3.2 INIIIRAC’IION  I< IO)AIR

in the. sccon(l ])hasc  of schc(lulinp,,  tlm usc.r has
tl)c oppor(uni[y  for intcrac.ting,  w i t h  tl)c
schc(ll]lc  al a Jnorc dctailc(l  level. ‘1’hc.  scientist
o r  cnp,imcr  can vhv the adivitic.s at s e v e r a l

ICVCIS of abstracti(m. ‘1’hc  [ill] un (lisl)l:ly
wlivilics  fro]n tttc  hip,lm. sl level ,  as a sit]glc
c\wllt,  (Iowl]  to t h e  lom’cst  ICVC1, slm\villg tlm
(Iclaikxl  stqm  that make.- up tlm activity.

‘1’llc usc.r call a l s o  lmdify tlm SC1lC(IUIC  by
Jl]ovin:,, a(l(lin:,,  or (lclctiJ~g  ac[ivi(ic.s,  as W C] ]
a s  C]l:lllgillg  HCti Vity ]Nil’:IlllcIcl’s.  ] ‘OJ”  e x a m p l e ,
the  scicm[ist  might  want to dckk a 1.ASI’I’  d:da-
tukc w](I rc.p]ncc ii \vitl~ a l; ARIJS  o r  SXl+3i

( ]a ta - take , .  (h ,  pc.rhaps  hdshc.  mly Sim])]y want
10 change the tal’get of solnc data-take, from a
solar scan t o  [it)  cal’tl)  sCaI).  AlthoL@l  tk LISC1”

h;Is t h e  c a p a b i l i t y  o f ”  making,  tlmsc t y p e s  o f
:Kljll  StlllCJlt S, hC/Sh C (1OC.S Jlot IICCd t o  W()]’1 y
:Il)out  tlm \uirious  intcJmtions,  c o n s t r a i n t s ,  o r
msourcc.  u s a g e  o f  tllc adivitics  lining, modific(l.

‘lltis infoJmatim  is m(mitorc(i by I)(;Al’S, ad
cll:mgcs arc propngyllc(l  [() t h e  dcpcn(lcmt
ol~~ccls,  II] addit ion,  who] Ihc. user  intmluccs
scl~c(lulinp,  conflicts, 1 XA1’S  can resolve tl]cun
:llltolll:ilic:lll~~.

1  WA1’S can bc. c a l l e d  upoI) a( aIIy t i m e  [()
resolve any coJlflic[s  residing, jn [tic schcdulc.
(kmflicts  wc vi(d:iti(ms  of rcsoNrce capacities
OJ temporal coJlstraints.  ]n this way, the user
d(m not ncc(l  to bc very jnformc(l,  c:lrcfu], or
slmific about hishcr  m]ucsts. lhr cxamp]c,  a
scicntisl can move a (I:th-lake acti\~ity  witlmut
c(mccrn for it’s p o w e r  LIS:I:, C. Or ,  a g,cmcral
rc(]ucst  for ( M d - t a k e s  can bc lnadc,  without
sj)ccifyinp,  tlm cxac[ tinm for the ac[ivitics to
OC.C1lJ’.  Although these. Chl~,CS 01 l’c(]llcsts  IIl:ly
C;IIWC  cm or mom c o n f l i c t s ,  1 X;A1’S can
I C. SOIVC t h e s e  cmflicts with O]lC simp]c
COll)ln:lndc

3.3 01 YIIM17,ACIION

1 ;] J)ally,  the tllir(l  plmc of 1 )~A1’S opmt ion is
scldlllc  ()]>tillliy,:lti{)ll, Af[cr rcsol\~ing  ;dl
co]lflids, tlm schc(lulc.  Jn:Iy s t i l l  cwlt:iin
violations of user pJcfcrcmcs. ‘1’hc.sc violations
C;lll  h! Cx}msscd  a s “soft conflicts” al](l  can bc
rrj)airc(]  in a m:lnncr si]nilar  10 rcpairin:,  rcgLdar
conflicts. ‘1’hc nmin diffcrcncc  i s  tll;It  tl]c
1 Ilo(lclcr ll”lllst e x p l i c i t l y WJJ’~scJ~t  “soft
cw)flids” an(l g,cncml  llwdmislns  for repairing
them. As an cx:ltnp]c, considc.rc(l  :IH cmginccr’s
desire to lmvc :(11 dots wfiltcm  to pe rmanen t
sloragc. at the. cm(l of the mission, 1 l:lvinp,  (iata
jll lhc RAM at lhc CJNI of llm SCIICXILJIC js not a
violntim  o f  tlm rcsourcc, 1)11( could h
c(msidmd a “soft conflict>’.

1 ‘rt>.fcrcmcs  C: II)  also k cx]msscd  i H a SC1 Ic.dLI1c
cvalu:ltion  function. III tl]c optimimti(m  phase,
1 X IA1’S can sum vali(l  schdulcs  lMwxi oil tlm
cv:[illaiioJl  fllJK’tioJI  dcvc]opc(l  b y  []IC II)()(]c]cI’.
‘1’1 I is cwnluat  ion fLlnct ion cat)  1x2  USC(1 to produce
Jnorc  optim:ll vali(l Scllc.(llllc.s.  OJ)C  simj)lc.
cvalmti(m  funct ion nwy :,ivc lli:,l]cr  scwrcs to

schc(lu]cs wjtll more scicmc o b s e r v a t i o n s .



1 X;A1)S can find mom optimal schc(lulcs  by
r u n n i n g  t h e  a[ltoma{c,d  sclmdulcr  many tinms
and rcllmlbcring  the.  schcdulc.  w i t h  lli@cst
SC()] c..

d. Auto] natc(l I’I  ANNIIIdS(:I 11:1)(11  Jo{

‘Illc l) Arl’A-CllASlil< Au[(mi[c(l
l’l:IllIlcI/Scl]  c(lLIlcr  pmcluccs  a complctc,  valid
scllL:(lt]lco f]>: I}~lC):I(l opcmtion  commands froln
;1 Im(lcl, initial s tate. ,  ;m(l  set of higll-lc.vc]
goals.  II] a(l(lition, it cm itl]w[  itllcllllc(li:ilc,
inv:ili(l  scllc.(llllcs  (lcsllltil}g,f  lc)lll  user changes)
d pro(llm  :1 s i m i l a r ,  but valid schc(lu]c.
liin:il]y, the. schcdulcr  cm lake several v:ili(l
Schl’dlllc.s,  Scol’c.  lhcm, and S e l e c t  (11C  1110s1

(y)[imdl scldu]c.

‘j’]lc  ])l:IIIIIcI/scl~c(  lLIlcI consists  of t w o  main

l): IIIs, tlml’lat]-lrl’ll  (1’1?) scqucncinp, tool [51
ami lhc sclm(lulc rcmonc.r  (sec. liig. 2). 1’12 was
wli((Cl~ by W i l l i a m  [;. l;~,gcmc.ycr  awl
ori~, inal]y dc.sigmi m an “cxpcri  r e s i s t a n t
scqucming,  t o o l . ’ ” 1 ’ 1 ?  imlu(lcs  a (;r:lphical
Ilscl’  I I ) t c l ’ f a c e .  ((iul)  Ih:i[  :Illows  fo]” Casy
j~l:llli]>lll:l(ioll  o f ’  the  schcdulc.  In dliti(m,  i[
scr\Rs  a s  an :lc[i\’i(y/l’csolllcc  dat:i-lmc that
supp]ics  valuable. inf(mmtion  to tlm schc(lulc
reasoner. 1’12 suppor(s  complex m(mitorinf}

. . -.
I Scllc(llllc IOMwllc’1’

l“”!!?! I.ETIi::

1 ~ipulc 2:1 X’A1’S ot cllilcdurc

:In Li rc.asonin P, about activities ad the. various
co])str:tints ‘lktwccm than.  ‘J’llc  scllc~llllc
I’c:lsollc.l 11 Scs Ar t i f i c i a l  lntcllip,e.ncc  (Al)
tcchniquc.s 10 au[omalically  gcncr:ltc  nc.w
SCIIC(lUIC.S,  ]c]):lilc.  xistillg,fi<il]lty  schcdulc.s, an(l

optimix v:lli(l Scllcdulcs. 1’1? pmvidcs
it-lfmmdi(m  about rcs(mrcc  :Ivailnbility  wl(i
cmlflicts,  w h i l e .  tlm schcdulcr  ]nust  dc.cidc
w h i c h  acti\~i(ics  to usc to rcsolw the cmflids
:111(1 wlmc to ])lacc.  tlm adivi(ics  tcmp(mtlly,
‘1’IIc two compommts  work  tog,cthcr  [0 provi(lc
casyan(lfast  sc(]llcllcillg,  oflllissioll”  adivi(ics.

4.1 SC:IIIiI)LIIIl)A’IA-13ASIi

llltl~c.l  J(~AI’Ss ystcll~,l’  12istlsc(l  primari]y  m
a “schc.d[llc (lnta-base” and rcsourcc, constraint
cllcckcr.  It was originally (]C .V C1 O ]K X1 as a
S,mphical sequencing, loo]. Activities ald
wsourcc.  s arc (lisplnyc(i  on a graphical output.
AH :wtivity qrc.scmts somcmission  cvcmt (11:1{
occursovcr a pmio(l  of time and uses some of
IIIC mission rcsourcc.s.  A rcsourcc.s rcprc.scn(s
s(MIm ]imitcxl  availab]c llmtcrial  wlmsc  usag,c i s
]no(lc.lcxl  :is(lisc!ctcl  ~locks ovc.r time. l;or cdl
type of activity  ml rcs(mrcc,  1’12 displays :1
tlnditm,  which rcprcscmts  tl~cl>cl~:\\’iol”c)f  tl]at
:lcli\~itJ~/lcsolllcc  type ova a period of time.
\\~l~c,J) iictiI~i[ics:  llc.clc:ltc(l,tl  lc.y arc  placed al a
s]mcificd  tinm on tllc  tilnclil~c..  l<csmm.c.s  u s e d
l)y that aclivily arc Up(imd  to r e f l e c t  tllc
a(klitional  us:i~)c. i n  a(kiiti(m to schc(lulc
\’isll:lli7:ttioll,l’12  ]Jlo\’i(lc.s:l llc:isy-to-llscitl ]Jll[”
itltcrfacc fol mod i fy ing  tllc sclm(lulc. h40vinp,
idivitics  is as simp]c as a click-:ll~cl-(11’:ip,  with a
lIIOLISC.

]’]~ hC.l])S C:ISC tk b i l l ’ d C 1 l  011  SC(]lICIICCIS  by
col)tinually  m(mitorit}gj  all  ac(ivitics  in tlm
scqucncc.  As adivitic.s  arca(l(lc.(1 ormovcd,  the
(hmgc. in rcsourcc  us:lgc i s  M(mmticaily
up(l:ltd, :11”1(1  t h e  ncw I’csolllcc profiles :11’c
disIjlayc(l. Wi(ll this in f(wln:ltion  avail d~lc., the
u s e r  cm ilnmdiatc]y  scc t h e  cffcds o f  a
scllc.(illlccl):ll]gco]]  tllc  nlissi(m rcs(mrc.cs. lmr
e a c h  rcs(wrcc,  1’12 :11so lmni[(m any cmflids
Illnt :ltcoccllllitl~,  olltllclcsolllcc.  (hflicts  am
time intervals  where the limihli(ms  of Ihc
rcsourm have been cvmxxlcd. “1’lmc conflict
i n t e r v a l s  arc hi~,hlightc(l  in ml to fla!, tlwrc
cxistcncc  for easy i(lcmlificati(m.  I;inally,  1’12
ln(mit(ws any (Ic.pc.n(lcmics  tht h a v e  b e e n
(Icfincd  lmtwc.cm  :idivitic.  s an(l rcsmrcc.s. ‘J’lIc
values of slxxific  pmmdc.rs  of aclivi[ics and
rcsourccs  Imy bc function:illy dcpcmdcmt  on
Values of Othcl’ paralnc.tcl’s. 1’12 :illtolll;ltic:lll~”
keeps these. parameter values c(msis(cnt.



1’12 :11s0  hdps  out by sc.rving as an activity aid
rcsolll’c.e. datwbasc, ]>l{l(lllciilg];lccc]~(  in?,
inf(mnali(m to/fl’(ml  a Scqllcnccl’i ‘1 ‘Ile
functional intcrfacc  101’12 bas bum  cxtcn(lcxl  to
lmt[cr assis t  all m[omatcd  scqucnccr.  A baqic
SCt of “fctcb”  funclions  ha\~c been (Ic.vclopcd  10
quickly rctric.vc  information  about conflicts and
tl)c rcsol]rcc.s  atd :Kli\~i[ics  in\’olvc(l  in t h e
c(mflid. 1 ‘or cxamp]c.,  an intc.rfncc function hm
bc.cn writ[cn to fc[ch tbc lcgd t i m e s  wbcrc  an
ac[ivity an occur  in the. schcdulc.  1 lcrc, “lcgd
times” rc.fcrs  to positions WINHC  no c(mflids  arc
GIIISC.(] b y  :llly  O f  th  I’CSOIII’CCS  LISCXi  b y  ttlC

givcm ac{ivily,

II] il(i(iiliOll  10 fckhing infomwti(m d r o l l  t h e
currcm( stale. of tbc. schc.dulc,  tbc user wili ncc(l

t o  bc.  :Ib]c t o  c]mgc tk cwrcnl  S[:IIC in al[cmp[
1 0  fix or optilnim  tim schcdulc.  S o m e  tmic
pri] nilivc fundi(ms  :m provi(ic(i  b y  1’12 10
aliow  :11)  C.x(cl”llal Syslcm to a(l(i an(i  1I1OVC
a c t i v i t i e s ,  cl)angc.  tlmrc  (iuratiw,  c.lc. ‘Ilmsc.
])rilnilivcs mak up (k sc.t o f  actions tlmt a
schc(iu]cr  can t a k e  wbcm tryin~j to rcsol\’c
conflic[s.

4.? S[:III’,I JLIII; l< Ii ASONI;I<

‘liilC. SCCC)II(l III: IjOI’CC)IIII>OIIcII(” of l)[~A]’S is lhc
aul(mmtc.d schcxlulc  rc.asoncr. ‘1’his is lhc n e x t
s(q) it] aul(mwling, m(i simp]ifyinp, tim
SIXICC. CIM comm:m(l  sc(lllc]]cil]~,]>]occss.  ‘1’iuc
:11’c llll”cx palls to tllc Sclmilllc.  I“cxlsollcl’: a
sclm(iulc  gc.nmtor, a sck(iulc repairer ,  at](i a
Scllclilllc opt i mi Y.cr. IJirs(, tllc. Scllc(llllc
~,cJmra(or  will tmnsforn]  a set of user-(icfinc(i
ilip,il-lcvci  go:t]s intoa vaii(t  scqucwcc  o f  low-
lc\’clcc)]llI]]:II](is.  SccmCi, the schcxiulc rcp:tircr
will aut(mmticai]y  mainlain  the consistency of
IIIC scqmncc  :lf[cl:ltl~itl:ll~’  user intcracti(m by
rcsdm(iulinp, using repair act ions. ‘1 ‘k
sc]lc(ill]cl’1  ’c.j>:lil’c.l’i  lc.l”:ttivc]y  atkJnptsto  rcso]vc

cacb  coJ]fiict,  which invo]vcs  making  choices
OH what torcpiiir,an(i  howlorc. pair it. l;inal]y,
tbc scbc.(tulc optimim cm optimim  a  v a l i d
SCI]C(lUIC  to imrc.asc  scicncc  rctu Jm.

,% ’11(YI141(’ (;(’11(’t”alot”

‘1’llu  f i r s t Step in scqllc.J)cillp, Spmxmf[

coInlnan(is  is to cx)mc LIp wit]) :111 initial
sck(lulc  o f  cvcn(s  f o r  (Al plmc o f  tllc.

I]lission. ‘ h i s  procc.ss b;is  bccm parli:liiy
au(omatc(i in lX~Al],S with tbc schc.(iulc
~,cmr:ilor.  ];xprcssing schc(lulcs  an(i par[idi

SCllC(ill]CS tObC ~CIKT; ltC.(i iS (iOIN thloll:,h  lISCJ’

(icfim(i goals, ‘1’hc.rc.  arc two w:iys in w h i c h
uscrgmisarc  ban(ilc(i in lX~A1’S. IFirst, initial
sckmcc and cm?,imcring  g o a l s  arc. wi(lrc.ssc.  (i
with ]I:it:il)lctcliy,c(i  scllc.(iuling functions. P2i(:l]
fllllCtioJIS  illl@CJ)lCJltS  :1 ~,Od]. };O1”  CXWI)])]C,
ti)cIc  is a “1’1:Icc-1’()\\~cl”  fundi(m  tlld
sclvxlulcs pmvcr  s w i t c h i n g  aclivjtics in
all]) l’op’im  p l a i n  bascxi  011  Solllc cJlp,  inccJ’illg,
]):iramc.tcm.  l’aramctcrs  ImIy inc]u(ic.  s u c h

tllin~s  as a lniJlimwn time bctw’c. cJI switching,

OJ a  p o w e r  ( m  (luriJlg  a par[iculw  s(ak of a

(ii ffcmmt rcsourcc.  Second ,  scicmc. :,0:11s  can
:11S()  bC CX]WCSSC.(i  thJ’OU~,il (i:l[:l-[:lk  l’C(]ll CSt S,

\\rllich  do Jm[ have 10 bc a pwl of tlIc initial
sc])(xill](!  ~CJKJ’;l[i[)ll. I;OJ c.xdIIlplc,  a  scim[ist
cm) rc(jLlcst  tcn a(i(iitioml  sc:lt)s  froll]  ii
]):ll’~iCll]:ll”  illS[llJJllCJl[  t o  OCCIIJ”  :tl)y tilllC  (illl’il)~

Solllc  pbilsc o f  tim Illission.  ‘1’llis  t y p e  of
:,cllcsal 1’C(]lICS[  (ioCS n o t  iJdlldc s p e c i f i c
locdliol)s”  or ncccssary  suppor(ill~,  wlivilics.
‘1’k SCbCX]ll]CJ’  Wil]  Silll])]y  ])]WX  tbCl)) :It l’:lJKk)Jll
]~()siti(~lls:tll(l:ll  i()\\~:llly  c()llflic(st()tlc  rcsolvd
by thC :lll[OJIKltC(i  lC]MiJ’Cl’.

‘1’hc gcJlcJ:itc(t  initial schcxiulc  Jmy  still vj(datc
soInc of tllc  sp:Icc.craf(  c.ons(rain[s. A l s o ,  t h e
sciultists  ;Ln(l cll~inc.crs  lnigllt  fcc.1 tllcrc g,oals
Wcl’cnot  col~l]]lc.tc.ly  s;itisfic(i,  :lJKi m a y  nmi to
i ntcract \\,i(]j al)(l lmdify lllc  ~,cncralcd
s(:lmiulc,  1]] (ioing [i)is,  ncw  c o n f l i c t s  IImy bc.

iJ”ltl’()(illCC(i. ‘]iilll’CfoJ’,  WC lKd SOJ’IIC  W:ly  O f
:iutmnatically  rcsolvinf, any cxisling  conflicts in
tllc  SC]lC(iLJk, w]lilc (disrupting tkCllllCIl[  S[:{[C

oftllcs cllc(illic:  ~slit[lc  a s  possil)lc.  llnviJlg  tlm
]) I”OCCSS :llltOIllH~CXi  :lliOWS  (k USCJ’  t o  bC ]CSS

catcfu],  :m(l ti)crcfoJ’  spcn[i  ICSS t i m e .  o n  (k

(ic.tai]s  o f  scqucnciJlp, t h e  adivilics.  WimJl
:,cm’al  rcqllcs(s  01” C.llmgcs b:lvc bccm ma(lc,
aii coJlflictsc:lll  bc resolve.(i by c.xccu[ing,  onc
sit  nplc c(MnnNIn(l  t o  inw)kc  tlm Sdldllk

‘11’(’ mircr.

IIcf(m  (ic.scribiJlg  tim scbc(iulc rcpaiJu, wc
JIJUSI  prcscmt  a fcw (lc.finitjons. A  “11:11’(1
cc)]) flict’’, OJjLlsl “cmfiid”, is :1~’iol:ltio])ofollc
of tlm rcsmrcc col)straints.  A conflict occurs
OVCJ’ a mlain  t i m e  pcrio(i m(i is causc(l b y
ac(ivi(ics  callcxl  “culprits”. lior  cxtilnplc,  if tbc
l~()\~~clc:l]l:lcity  iscxccc(ic(ifl(J lll limctltotiJm
tl, tllcllt  i~clcis:l  c(~llflict  fromtimc  !1 to time t?
at)(l  tbc culprits  :Irc. any nc(ivitics that usc powc.r
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l;i~,urc  3: (k)nflicls

( l u r i n g  tl)is  timr.  (SCC l;i~. 3). A “sofl conflict”
is :! violntion  of onc of the user’s I)iS,ll l ewd
g,oals<  IIar(l conflicts arc violations” of lcgd
constraints, while. “sof(  conflicts” am violations
of IIscl’  prcfcmms. “C~l~oicc.]loitlts””  mplaccs
in Illc schcxlulillg,  algorithm whcm a  dccisi(m
1)111s(  k lml(lc.  1“01”  CX:mlplc,  WIK31 tllcrc  [m
]l]al)y confl icts  to resolve,  tlm sclm(lulcr  must
dcci(lc  wl]ic]l  conflict to resolve firs(. A “had
choice”, or just  “choice”, is  a  (lccisi(m m(lc
solclyo  lltllcl)  :isisof  ]lossilllcll:tl(l  conflicts. It
J)Hiy h (lcci(kxi,  for CMmplc,  not to plmc. an
activity ill a ccrlaill time bc.cause. ncw c(mflids
w i l l  bc n(l(le(l  m a rcsul( of tlmt placcmmt. A
“softch  oh’” isa(lc.cision  madc(m tlm basis of
user prc.fcrcmm  or a heuristics with the hopes
o f  gplcra[ing  a IN(M’C  o p t i m a l  SC] KXILI]C.  An
cxamp]c  o f  a  u s e r  prcfcrcncc.  is a  p r i o r i t y
sclmm  0 1 )  mlain  adivi(ics.  Onc hcurislic  ltuiy
bc to Imvc  l o w e s t  priorily  ctllprits  1 0  tlIc
nc;lrc.st  ]cgal  position.

‘J’hcl’c aw four  p o s s i b l e  adims to talm in
Htlcmpt 10 resolve. a conf l i c t :  move ,  nd(l, or
(Iclc.tc an activity. ‘llc. “move.” adi(m involves
lnovin?, (me. of tlm culprits  of the collflicl  to :1
I)osiliollstl  l:l[w’illci  tllcrl”csolvc  tllc  conflicl,  o r
:1( lcmt insu re  tlmt the. movc(l ncti\~ity  is 110
long,cr a culprit. Some. c(mflic(s cm bc molvcd
I)y a(l(linp,  a  IICW a c t i v i t y .  ‘llmsc  adivi[ics
usually  provi(lc S[)lllc 1’CSO1ll’CC.  that \\’:ls
]>lc\~iollslyliot”  available. l:inally,  :ic(mflic[  call
also bc. rcsolvc(i by silnply  dclcling,  the cu]plits.
‘1’llisisolll’io~lslyllot  :I])lcfcllc(llllc[llo(l  w(I is
Only llsd :1s :1 last  I“CSO1”(.

‘1’l)clc.sollltioll”  of a c(mllid  p,rcatly  (Ic.pcm(ls  o])
tllc Iy}m of rcsourcc  tha[ is in violation. ‘1’lnc.
wc f ive diffc.rent  types of  rcsourcc.s,  nn(i
Ilmrcfor, f i v e  (liffctm[  Iypcs o f  cmflic[s to
r e s o l v e . .  A  conflict  on a dcpldablc rcsourc.c
m e a n s  that the activi[ics of the. sc.hcdulc Imvc
used too much of tlm rcsmrcc. in this type of

cwlflid, the culprit is the adivi(y  tht C: ILISC.C1
tlIcrcsourcc 10 overflow” during  the timcthal  i[
firsl ovcrllows. Solm!  dcplc.tab]c I’csolll’cc.s
lmvc “mct(d’  :Ictivi[ics  and this sor[ of conflict
cal I bc rcsolvd  by a(l(ling an adivity  that
“rc.sds” (11c avniktblc  rcsmrcc, l;()] cxmp]c,  a
downlink  ac(ivily  will f r e e  (I]3 s p a r e  i n  tlm

downlink  buffer. A conflict  on a ]~011-(lcjJlct:IIJlc
]csoLIrcc  is when ndivi[ics  o\’c.ruse a rcsmrcc
(l(ltillg:i  ]):it[ictll:llti  tllcilltcl\’:11,  ‘1’I)c  culpri(s  ill
Illis  type of c(mflid  arc all of the activities that
usc the  rc.s(mcc  (lurins  the  confiid  intcrv:]l.
‘I’IJis  sol(ofcO1\flictc:l[  )l)c.  lcsol\~c(l  by moving
or (lclc.ting  ctllpri(s.  ‘1’hcm :irc,  no activities itl
tlm l>A’1’A-OIASlll<  ]mdel  that c:it]  :[(1(1 to a
1](>]]-(icl~lct:il-)lc.  rcsourcc.. A  conflid on a s[a[c
rcsourcc  is whc.n an aclivi[y  rc(]uim  tlm
lcsourcc  10 Ix in a s t a t e  w h i c h  i[ is nol.  ‘lhc
culpri ts in this type of conflict m :111 of tlm
adivitics  that require. the incorrcd  Wile. and the.
:Ictivily  that cll:lng,c(l  t h e .  rcsouruc  10 llm
i ncomd S[alc. Sc.vc.ral possi{)ilitics  f o r
lcsolvin~  a state. conflid  i n c l u d e  lnoving  tlm
c(llpri[s  to anotlmr intc.r\~al  wlmrc tl]c.  rc(]uirc.d
s(:UC  is prcsmt, or adding  an activj[y  that wi l l
cllangcthc s[atc of Ihc rcsourcc. to Ihc required
state.  A conflict OH a concurrc.ncy  rcsourcc, i s
wlmn an ac(ivi[y rcx]uirc. s Ihc prcscncc  o f  t h e
rcsourcc,  which is usually provided by Ilm
;itlotlm  adivjty. ‘1’lm culprits  in this  type of
c(mflid arc all of the Mivitics  Ih:it rc(]uirc the
prcscncc  o f  lhc I’csolll’cc. “1”0 1’CSOIVC  a
c(mcurrcncy  conflid,  t h e  schcdulcr  cm ]novcf
tllc culpritsto  an interval where the rcsourcc  is
prcscnl,  or add an act ivi ty that ]mvidc.s  t he
prcsc.ncc  of  the l’cs[)llrcc. A1)ti-C~O1~c~lllcl~cy
c(mflids  are csscnlially  Ihc s a m e  cxccpt  tlmy
rc(]uirc  the abscmc of tlm rcs(mrc.c ralhc.r  than
IIIc. prcscncc  of it.

11’or any type. of’ initial sclmlu]c, IIIC scldulc
Ic]):lilcllllllst  fild tllccorrcct ac(ivjtics  to move.,
add, or (Iclctc  and  position” thct]]  tcIn])or:Illy  in
such  a way that ]10 c o n f l i c t s  r e m a i n .  ‘lhc.
scl~c(llllcjjsl>:lsc(l  OH a random  sclm(lulcr  with
SCVCH1 heuristics LIsc(l  [It the various  choice
]mints. ‘1’hc schcdulcr  r~:lics (m soIim in[crfacc
fut~ctions to 1’12 that dc.sc.ribc the conflicts in
tl)ccurrcnt  schc(lulc, (Icscrjbc.  the :Ic(ivjticsllmt
could rc.s(dvc a  conf l i c t ,  and lnanipulatc  lhc
scldu]c. \}~c first dc.scrjbc. lhc r:in(lom
Scl)c.(lllkv’, followc(l by the. hcurjs(ic
ctll):ItlccJ]]ct]ts  tlmt facilihtc  schcdu]illg  wjtllin
(1)c lJA’1’A-CYIASlil<  (hmin. ‘1’l)c  ultimate task



IIctatiw  l<cl)air Algmitlu)l

‘l”hc following is the algori[hm  for the schc(lu]c rcpairc.r  wri[[cn in a (U-like  pscdo-code.”

l<c$c,lvc-[’c)rlflicts  ( )

of tbc sys[cJN  i s  t o  find tlm best p l a c e  t o
scbc(lulc tbc activities so as [0 maximix  the
ulility  of lhc schcdulc.  ]n t h e  b a s i c  r:in(lom
schcdulcr,  al] dmiccs  :itc  mdc. randomly from
Ihc lisl of options un]css  otherwise spc.cific(l.
‘l”l Ic :Ilg,orilllm  is a simple  iterative. loop over tlm
c(mflids in t h e  schc.(lulc.  ];irst,  a conflid i s
SCICC(C(l  from IIN list of currcmt  conflicts. An
:I((cmpl is ma(lc !() rcm]vc  tbc chose.n conflict.
N e x t ,  a ]nctlmd for rc.solving  Ihc. comflict  is
chosen. ‘1’hc repair action will dcpm(l  (m which
method h bccm sclcctc(l. If “Inovc’” is chosen,
IIEI) a culprit nlust Ix pidd from the list of
ml])ri(s  in [lIc. cmflid,  A dura[ion at~(l  start  time
arc choscm for the. culprit, :m(l  the culprit is
III[)VC(I  to tl)C IICW 10 CiltiO1l. I f  “:ldd” i s  thC
chosm  nwth(d, thcm the rc.paircr  must dcci(ic
wl)icb activity type to ins t an t i a t e .  Again,  a
(Illr:ilioll  and  s[ar( time must  bc choscm  for tllc
ncw ddivi[y,  and the adivi[y  is insc.rlc(l  at tbc
clwscm time..  If tbc rcpirc.r clmoscs 10 “dclctc”

aI) activity, then i( simply must cho(m m
activity to dclc.tc.,  d (iclctc.  it. Af[c.r the chosm
action i s  pcrformc(i, tbc schcdu]c  rcpilc.r
c l inks  to scc if progress was n]adc..  If the
action di(l not smccc(l  in resolving, the conflict,
or pro~}rc.ss was n o t  lna(lc, tlvm tllc action i s
“un(lonc.”.  O[hmwisc,  the ncw set of conflicts
nrc found,  :in(l  the loop cmntcr  is imrmmtecl.
‘J’llis process continues until all c(mflids  arc
I“csolvcxl  , 01 IIlc loop”  Collntc!l”  cxw(ls a llscl”

(Icfi ncd  mmimm bound. 1 ‘or every clmicc
point in (hc alg,oritllm,  where a sclcdi(m  must
lm m a d e  frolll  a l i s t  o f  possibililics,  t h e
scl m(llllc  rq)ai rcr  is a] lewd to “backtrack” 10
tlmt point. WM Ibis means is, thnt  if a
lmliculnr  clmicc fails, it nmy cboosc  amtbcr
from lhc list bcfom  giving  up. If all choices
fail ,  tlm a prc.vims  dccisim must bavc b e e n
incorrcd,  d tbc rcpircr  can “b:d(mc.  k” to
the  prccc(ling  cboicc poinl.  All clmim  poinls,
includinfj tbc. d e c i s i o n  o n  wlmtbcr  or not to



I)ack[mk, am h e u r i s t i c  (Iccisions,  WI(I IIMy

customiml  10 a parlicu]ar  (lmmin.

SCII cdHlc Oj)li))l izcr

‘J’hm arc lhrcc  wqs 10 op[imizc  a scldulc.:
using  ]mfcmm hcurjstics  at sca re .h  cho ice
poinls,  spccifyillg,  a set of “soft conflicts”, or
by simply scoring rcmlts from multiple. runs of
lIIc sc]du]cr.  A pl’c.fcmncc  ]Kwl’js(ic,  01” “sof[
c.hoicc.”, can h made  at any dccisi(m in t he
rcpir  sc.arch.  1  ‘or c.xamp]c,  whc.n dcci(l  i ng,
wlmrc 10 move. a conflict causing  activity, the.
u s e r  mig,hl prc.fcr to nm’c that ac t iv i ty  10 a
position close.st 10 it’s current position. ‘1’his
w i l l  hdp  the. SC]lC(]llIC1” avoid unnecessary

d i s r u p t i o n  t o  tlIc cxisling,  schcdu]c.  ‘1’hc
existing schcdu]c, aftcl’ al I , may have. been
pr(ducd  by Ihc user in an at(cmpt  to optimize
the Schcdll]c.

1 ‘Jr fcrcnccs  can bc cxprcssc.d usi n~, what wc
rcfcmxl  [o m “sof( conflicts”. A sof[ cmflid is
a  way o f  spccifyil)g  a pmfc.md  WII uc for a
part icular  rcsotlrcc,  possillly  at a part icular
time. 1 ‘or cxamp]c,  having any scanned (lata
Il)a[  has 1]0[ b(n)  Stold 011 the tape at tl)c.  L-ml
of the lnission,  is consi(lcml  a sof( confl ict ,
‘1’hc  scicn[is( wml(l prefer that all of tlm (1:1[:1  lx
wrjtlcn  10 tlm tape at tllc  missions cmd, rdthcr
than leaving, ii in the oll-b(m(l  memory. AfIcI
t h e .  schcxlulc  rc.paircr  IHin(llcs  all of lhc. “hml
cxmflids”,  it cmtinuc.s  by itcralivc]y  addressing
all of lhc “soft conflicts”+

‘1”1](> third ap]mmh to optimimti(m  invo]vc.s
scoriug scwcllll rc.sul[ing, Schc(lll]cs :111(1
clmosing  tllc om wi(ll t h e  higlmt sum. ‘1’hc.
cv:~luati(m  fujwlion  i s  (I(ml:iin dc]mn(kmt, d
w(m](l h a v e  10 bc wrj[(cm sc]xitatc]y  for cd
a])]) licalion.  1 lowcvcJ’,  some basic scoring will
l}c silnilar  ticross applimlions.  1  ‘or cxatnp]c,
J]WS[ scicmcc spacccriif[ we. mainly conccrncd
Witl) c()]]c,ct  tl]c ]; IIgc.s(  nulnbcl’  O f  imyyx :1S

possib]c. A sim]k c.valuati(m  would  g i v e  a
higl)cr SCOIC to sclulu]cs  with greater anmunls
of co] Ic.ctc.(1  (lat a, Once wc. have the cvaluat ion
func[i(m, WC, need to bc ab]c 10 pro(lucc smwil
(Iirfc.rent schcdulcs  from tllc  s:itnc go:ils  w)(I
iilitial  s tale . ‘1’his can bc ( l o n e  by c.ithcr
c.llanp, ing t h e  hc.uristics, m nlnning,  the
S C] dulcr wjt 11 a (Ii ffcrc.n[ random  scc(l.  Some
lmlris[ics  m[ly work  bcllcr  thw others, and it is

oflcn difficu]l to tell \vllich is lhc best  for  a

]mr[iclllar  application. ‘ 1  ‘lwrcforc.,  i[ may h
ncccss:lry  to rcsor[ to cmpjrical t e s t s .  Afm
running  t h e  schc(lulc.r on (Iiffcmmt hc.urjstics,
wc can simply clloosr.  tlm set of heuristics
wl)ich gcmatcs  the schcdulc  with the highcs[
Score. Af[c.r  choosiilg  Ihc hcuris(ics,  Ihc
scIIcdulc.  I can bc. run many times with (ii ffcrcnt
] :Lt I(lom scds,  At choice points wlmrc there. is
no hclltis(ic fo r  clm)si]lg, f r o m  t h e  list  o f
])ossil)il  itics, the  Schdlllcl’  makes  a I’andom
decision. With diffimmt mdom seeds, these
dccjsions  will bc diffcmnt,  an(t the resulting
scldulcwilt  bc. (liffcmnl. llsing  llIc cvaluatim
fu]lcti(m, wc can assign  a  sc.orc.  10 cwch, ;Irl(l
cll(msc.  [hc sc]dulc with t h e  hi@sl SCXWC..
‘1’llis  pmccdurc  will not nc.ccssarily uncover Illc
op[imum  schcdulc.,  but it will help find a mom
optimal schc(lu]c.

‘1 ‘k g,ml’d sc:IIdI WI(1  (lc.cisi(m makinp,
(Icscrjbcd above. W(WICI bc fulilc.  without  c.xpcr(
sllppml  and guidance. 1 ]curistics  IHivc. been
dcvclopcd  an(l i tm(wp(mtt  c.(I into 1 XA1’S  to
hclj)  g,ui(lc t h e .  scnrch to a vali(i  m(i m o r e
optimal schcdu]c. ‘1’his g,ui(i:mcc  kno\vlc(lgc
cotncs  f r o m  both (iomain  cxpc.rls an(i
Sclmilliing Cxpcl’(s. ‘1 ‘hc.rc. arc three Ixisic
CI:ISSC.S  of hcurjstics  uscxi in IX:  A1’S: selection,
p r u n i n g ,  ;IIK1 bwk(rdcking  hcwislics.

Sclcc[i(m  hcwistics  invo]vc.  (Ic[cltllillisticiil  I  y
sorting  or scicctillg  from a list  of possibiiitic.s at

a c]micc poin[  in (lm s e a r c h ,  ‘1’hc sclcdi(m  is
USII:I]]Y  t):NC(i  011  S[)I)IC  ]WO1>C.l[Y  O f  thC Ob@CtS

bc.ing  c(msi(icrcxi.  1 ‘or c.xamp]c, whcm choosing
a culprjt to move in or(icr to resolve a powc. r

(mfiic[,  onc hmris[ic  mi@[ clmosc tlIc  culprj[

tlml  uscs the most aInoLII~t of poww.  lJsing  this
lmrisfic migh[  r e s o l v e the conflict  faster .
Anotim.  success fu l  lmrjstic  usc(i in IX:A1’S
was onc that swlc(i  tim possihlc  loca[ions  for
act ivjty  placcmcwt  by the. number of cmfl ich
tllc  ac[i\~ity  wou](i  c a u s e  wlmJI  pkcxi  in tlMl
locd[i(m,  ‘his tmic :qpoach  lm been rcfcuc(i
10 as the “min-c(mflicls”  heuristic [7]. ‘1’hc. min-
c(mflids  alg,ori(i)m  \vc u s c  is intcrcs[ill~  aIKi

worth  goit~g  into dctaii.

1 ‘ o r  cad)  rcsourcc.  uscxi b y  an :Ictivity,  wc
query the (i at :1-lmsc for {1 IC ]cgal Iimcs whcm
tlm mtivity cm bc placc(i without vj(dating the
rcsourcc  constraint,  ‘J’hen, cad lcg,ai  intcrva] is
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Ac[ivj[kx  arc USC(I 10 mokl  the e.vcm[s  IIM
happcm 111:1( nfl’cd  Il]c. lJA’I’A-C:I  IASI ii-?
payload, :m(l IIIC actions t h a t  t h e  lJA’l’A-
C31ASIH<  payload CM tatm.  All ac(ivitics  Imvc
some. basic  compommts:  a duration, a lisl  of
slots, [I]](1 a lis[ of slol-value assig,  nmcmts.  111
addition, ccrlain  typcfs  ((lcscrilm(l  below) have a
list  of sub-adivitics.  lior  t h e . s c  aclivitics,  tlm
lISC1’  C:ll) a l s o  dcfillc.  :1 Sc[ o f  tcmpol’d
collstr:iints bctwcci]  tlm sub-ac(ivitics.  N e x t ,
wc(lcscribc  in more (lctail  tl]c four  basic tyjms
of activi(ics:  events, slcps, stcpnctivitics,  and
ddivi[ic. s.

livcnts  :LIC USCXI  Iomo(lc]  activiticstha(  do  not
occurin a fixed rc.l:lim  to otlm adivilics  (like
‘I’l)l<SS cC)I)t:ic[s)  :iIl(l:lrcl  lot])  :Iil of an adivity
hictnrc])y.

S t e p s  arc (IIC “ h i ”  n o d e s  in the  aclivi[y
hic.r:lrcl)y  tree. 111  Otllc.r  words,  tllcy d o  1)01
cwltnin a n y  s[ll>-activjtics.  S t e p s  Gin not h
jnstantidc(l  without their parcmts and arc IIscd

to mode] [k activities tit (1IC lowest level of
dct:lil. l~or instamc,  wc  mdcl :in ac[ivi[y
c.allcd  C~llASl;l<-l~c:i[it~g,  wh ich  cons i s t s  of’
twos (c.ps,  <:11 ASlil<-lIc:itc.I-()]1  :iml C31ASliR-
hca[cl-ofr.

Stcpadivitics  arc. usc.(1 10 mo(ld  adivitics  al a
lniddlc level of :ibstr:icti(m. ‘1’hc.y c:iil cml(aiil
s[c.ps,  but mus( a l s o  h:wc.  parent adivi[ics.  in
I)(:A]’S, wc mmlcl an :ic[ivity  SXl+l}-l Xit:i-
‘1’akc,  w h i c h  lmdc.ls  t h e  SXlili  ins(rulncmt
opcnincit’s  qmrlurc. and taking  a scan.  In lltis
cmc,  ll]clcis:l  stc]>-:lc[ivity  called SXlilt-Sc.:III-
Stcp,  which 1]:1s  sensor rcxid slcps :ild can not
h ins[antiatc(l by itsdf.

Adivitics  arc USC(1 10 mo(ld  :ictivi[ics  al t h e
llip,lics(  lcvcl()f  :ll)stl:lc[ioll.  rl'llc.y:lrc.tllc  “root”
nodes  in the hierarchy (rcc, coi]t:tining  stitJ-
:ictivilics, but no paimt  :ietivity.  ‘1’hc :ictivjty
all(l  C.vcmt  Objcds  al’c  \vhat  ttlc  Schc.(ll]lcr cat)
inslanliatc,  :ind l’lan-]t II provi(lcs  ]Hcth(xls  10
:icccss the. varying levels of al>str:iclioil.

li’(’.vout”ccs

I< CS(WI’CCS (lcfillc ll)C wiri(ms physical
rcsmrccs [Id (hr. cons(iaints  t h e y  iinposc.
Rcsoilrccs  com iil csscn[ially  f o u r  variclics:
Sliilc.,  C[)llclli’l”cmcy, dcplc.tab]c,  l)oll-( lc])lct:ll)lc.,

and simple..

St:itc rcsolil’ccs  :11’c  llSC.(1  to 111(XIC1 lIIC Systcuils

iIi tk 1 )A’1’A-(1 lASI 11< payload which lmvc
sl;ilcs associ:itcd wi[li tlmm. 1  ‘or c:ich  shtc
rcsourcc,  the mo(ldcr  must specify the possit-dc
Willlcs  tliat tlic  S t a t e  C:ill bc. MOS[ o f  tllc
s y s t e m s  kc. al ]cast  onc s[alc  vari:d)lc, w h i c h
i s  \vhcllEt  o r  no t  they  a rc  adiwitc(l.  ‘1’hc
oricnt:ition of the ]xiyl(uid  is also ]n(ddcd  with
ii s(atc vari:iblc  wl]icli  is discrctizc(l into f o u r
Slates (solar, llmal’,  Cal’[ii, (kc]) space.).

thmlrrcncy rcsourcc  const rainls  arc usc(l to
nm(ict rules th:it s[ipu]alc 11]:1[  an :Ic(ivi[y ci(lic.r
nlusl occur  witli  ;inotlm  :ictivity  o r  can n o t
occLu  witl)  anotl)cr  aclivily.  [k rcl:i[ionsllip

Ilidf  is mo(lcld wilh a cm]ci]rrcncy  rcsoLIrcc i s

tlK rcquircmcnt  t])at  a  (Iownlink  or uplink can
OIil y  occiIr  during c(mtac[  wi[ll  a  ‘1’1 )1?SS
sntc]litc.  ‘1’his i s  modclcxl  as a rcsourcc. 11]:11  is
prcsci]t  whcD there is ‘1’l)RSS cont:id  :ictivity,
find quid when  the re  i s  a  downlink  o r
Llplink nclivityc

1  )Cp]ct:iblc  I’csolll’ccs  arc. Iiscd to m o d e l
resources with a fixed qu:m[i[y, such a fuel or
RAM, Ac(ivjtks cm List some. finite amount  of
a dcpldablc  ICSOUICG  which may or my not bc
rcstor:iblc.  ‘1’lm :immint  Iiscd b y  (IK activity is
pcrsistcm[ 10 t h e  m(l  of (k schcxlulc.  111
addition, the mo(lclcr  must specify a miximuin
c a p a c i t y  f o r  cd  dcplctablc  rcmwm. 1 n
1 X: AJ’S, R A M  is mo(lc.ld  :is :i dcplchblc
resource.. Sckl]cc  obscrva(ions  produce dlt:i
:111(1  llSC SOlllC  :illlolltlt  O f  tk (Icplct:iblc
rc.s(mrcc.  O[tmr activi(ics,  SUCII as a Irausfcr  to
l)cimmcnt  stor:igc, miy restore this rcs(mrcc.

NOII-clc]>lct~il}lc.  I’CSO1lI’CCS  :ii’C  US(X1 t o  I)lo(id
msourox which have a limit to Ilm usage al :iny
(m time, but tire reset tit the. c.])(1 of k activity
which  c o n s u m e s  t h e  rcsourcc.  Similar 10
(Icplc(ab]c lCSOIIICCS, llol)-(lcl)lc(:  il)lcs ii i’C.

asii~ncd  a m:lximum capacity.
J) OWCI”  :il”c  modctcxl  with

l“CSO1lI’CCS.

Sitmlc rcsourccs  arc usd to

i<csource.s  l i k e
lmi)-dcplct  :iblc.

modd dcvi(:cs



SiIJ@c  rcsoutms  arc csscmtidly  ]]011-(lC]>lCI:I1>lC
rcs(mrms  wjll) an capmity of (me.

,$’lOILV

S101s  arc paramct  c.rs of ad ivitics  t ha t  a l low
I1lCIH to ai-fcc[ Icsollrccs. ‘1’hcy  arc (Icffiml
scpar:ltc]y,  lNII rc.fmmc.cd  insi(lc  a c t i v i t y
(Icfiniti(ms  :~long wj(h a wduc assignmcmt  for
CilCl) s lo t .  111 tl)c s l o t  dcfiuition,  tllc  m[)(lclcl’
must spccjfy  w h i c h  w.soutm  it affcds. ‘Ik
mainly  pcsof slots arc: info s l o t s ,  simpk  slots,

:l\~aild)ilily  s l o t s ,  clmicc  s l o t s ,  amoLln[  s l o t s ,
:111(I  Slate slots,

li)f()sl[)ts:iicfc  )leIl~l>c(l(li]  )gtcxlil)f(  )llll:lli()l)  in

aclivjtic,s.  ‘Illcy ill”C Illcl’cly  ])l:ICC.  IIOI(lCH  :1!)(1 (10
not II:ivc:ll)yc.ffcc[oll  schc(luling.

Simpk s lo t s  arc inc]udcd jn :ictivj[y  t y p e
dcfini  [ionsin  or(lcr to nm(lcl  usagjc of a simpk
1’C.SOIII”C.C. liol” inslancc,  I1lC.I’C i s  :1 S l o t  CilllCd

IJA1<IIS w h i c h  js jnclu(lc(l  jn activj[y
(ic.finitions  of adivitics  which usc the IJA1<IIS
jl)s[mmcnt.  ‘Ibis is how’ usage. of the l; ARIJS
jnslmmcnt  is mo(lclc(l,

Availability s l o t s  arc tllc  s l o t s  t h a t  a l l o w

ad ivit  ic.s t () provi(lc  01 rc(]u irc tbc prc.sc.t]cc  of a
Collcllrl”cllcy  l“csollrcc. ‘J’lva”c  is a slot in

1  X’A}’S Gil Ic(l  ‘1’llllSS-CO\JCJ~I~,C. i[l~(i ~i SIOI
Cill lCd ‘1’1 )l{SS - 

CO\rCl~if,C.-llCC(  lC(i.  1101  II ;lffCCt
the ‘1 ‘1 )1<ss-  covcl’[l~,c l“CSOLII’CC. ‘1’1)1<ss
[Idivitics  IIavc  [k ‘I’l JINS-covcJagc  s lo t ,  and
dmvnlink  adivitics  h:ivc the. ‘1’1 )l<SS-co\’cl:i2,c-
mxxlc(l  slot, ‘1’IJRSS adivjtics  can bc plmxl
a n y w h e r e ,  ald Iwovjdo the prcsmcc of the
rcs(wrcc.  1 Mwnlinlm (m o n l y  bc. p]accd  i n
intervals whc.rc ‘1’IJI<SS  activities arc. pcsctlt,
sjncc this activity posscssc.s  the slot which
requires tllc ‘1’1 )1<SS rc.source to bc prcscmt.

Anmni slots mm in two varieties: am(mt]t
w](I KXc.t-nmollnt.  Amount  S]ds I“C.(lllCC  a
(Ic]”)lctdk  0 1 ’  11[)11-(lc])lct:ll)lc  rcsolll’cc.,  :111(1
rcsc.t-amount  slots incrc:wc  a (lc.plctablc  or non-
(kq)]c.tabk  ]csOLII’CC.  Amount  s]0[s (10 not ]l:IVC
to bc associ:itcd  witl)  a  rcsourcc,  lmwcvc.r.  III
] X: A1’S,  W C .  kivc ail  amolll]t S]Ot  C2111Cd  ]<:ltC,

wl~icl}  js IK)W wc mdcl t h e  diffmmt bi[
Ir:lnsfcr Iatcs jn ilCliVitiCS  t h a t  Inovc (la(a, S u c h

HS :1 down links Or 1 )Arl’  ].Ci[(ls  and  writes,  “1’()
find (I]c. amount  of dat;i at) activity trmsfm, wc
lnlllliply Ihc rate by tlm (iurdtion  of lhc. activjty.

‘1’IIC.IC arc also two tyj)cs of S[:ltc  slots: statc-
11 Scl”s and St:llc-cll:lllg  c.l”s. S t a t e - u s c l ”  s l o t s
rcqui K t k prc.sctm  of a ccr[ain  stat  c jn a st atc

I’CSOIII’CC,  and sm-c’l):illp,cl’  s l o t s  Cllal)gc.  tbc
Sl~l(C  O f  [I StiitC I“CSOLII’CC. ‘1’IIC IIIO(lCICI’ lnllst

(lcfinc  tk s e t  o f  possib]c  s t a t e s .  ]n 1 )CA1’S,
tllcm js a s[alc.  msoutcc  that modds the shu[llc
oricnt:ition,  which Cilll bc. solar,  C.ar(ll,  lunar,  or
(lCC1l-Sl)ilCC.  Solat” scictm adivitics  mquim  the.
sll(ll[lc  oricntdtiol~
Shllt[lc. ll):ttlcllvcl
oricn[ati(m  state.,

l)clwdct wicav

S t a t e  t o  1X solar, \v]l ilc,
adivitics clmtlgc! the

l’l:m-]t 11 provides the. ability  to set up links tl)at

ill IOW  OI)C Ol)~CC[ 10 tlffCCt  21tlotl)Ct”  Ob~CCt, ‘1 ‘lICSC

links nrc called clc.pcndcncjcs.  ‘1’here am SCVCM1
1 y] )CS of dcpcn(lcmics  based on t Ilc t ypcs of
ol).iccts it rdatcs:  slot to rc.source, slot to slot,
s lot  to activjly  S[:11”[  or dll  I”ilti  Oil, activity  S[:11’( or

(luratioll  to s l o t ,  :Ill(i t“cso~ll’cc  to I’C.SO1l  ICC
(Icpcn(lcncjcs.

Slot to rcsoum  dc.pc.tdcmics  m t h e  (Icf:id[
dcpct)(lcncks  in tk l’lawll  1  I  systcm.  ‘1’lmy
al  low a slot  to affcxl  a 1’CSOL1l’CX,  and arc CRatcd
;lll([)lll:llic:ill~~  wlIcm  a  s l o t  i s  (Icfit)cxl  wit}) tlm
S~llllC IlillllC  ilS ii I’CSOLI1”CC..

Slot to slot (Icpcn(lcnc.ics  allow tl)c value of onc
Slot  to  HffC.Ct tllC VillllC  of ~ll)OtllC1’  Slot, 1 ‘{)1’

it)stmcc,  jn the 1 )Arl’-t msfm ac.tivit  y, tbcm m
Ill’() slots, Ol]c tll:it  m[)(lcls the l’clm)val of dlta

fl’OIN thC R A M ,  f i n d  O1lC th:d lllOdC]S  tk

il(l(litiOtl  of (lata to the 1~~1’ ((ligital  tape). 111
IXA1’S, a dC]Y3K]ClKy  l)as  bccm ddinc(]  t]lat
Scls tllc V:lll]c of Ollc  o f  the s lots  C(]llal  to lIIC

Wlluc of thr.  0 1 1 1 ( V ”  s l o t  ( s o  flla(  tlm amoutlt
sul)tradcd  froll) RAh4 is ncvc.r  (liffcmnt than
tk d:it[i  a(klcd to the. 1 )A’1’).

Activity statl time or (luratim to slot
dcpcn(lcncjcs  and slot to activjty  stall time or
duration (Ic})ctdcmcics f:icilita[c  llm lm(lcling  of
c o n v e n i e n t  rc.l:ltimlsllips  among 1’1:111-11  11
ol)ic.ds. l;(M instance, the ] JA’1’-t[ansfcr  has, a
slot mllc(l  Rate, which js the ralc at which data
C: II) bc moved from the RAM to the I) A’J’. Wc
lI:IVC.  a dcpcmclcmy  which sc.ts the amount  of
data thnt  js rcmmvcd from the RAM equal to h
M(C multiplied by the duration. An c.xwnplc  of a
(Icpcm(lcmcy  which goes from slot to duration  is



II (Icpcn(lc.ncy which links the sclcctcd  taI.gcl for
a scicmc imag)c to tlm lcmgth of tim it takes for
t I}c inst mmcnt  10 s c a n .  ‘1’hc.  duwt  ion of  a
1 ;AI<[IS  sum \’:llics  (Icpc.n(iillg  on it’s usc of
tllc. shut[]c oricnta[im  s[:ttc (solar,  earth,  or
11111:11’).

Rcs(m wc. to rcsourcc. (Icpctdcmics  al low om
]csotlmc  10 affcd and Im rcsmwcc  (1 i ml ly.
‘1’his i s  vc.Iy cmvcmicmt  for mo(lcling pmvcr
usap,c, since power cmv+umptim  cm bc Iicd to
a c t i v i t i e s  or s t a l e . s .  l;(M ins[:mcc, powm
c(ulsumption  by  lhc lmtm cm bc. linkccl  10 ml
ncl ivily  (c. ~,. tlm acliwdion  of the lNNICT), or [o
:1 Sl:ltc of the llc.atcr  (c. #,. When tllc  Stale, of tllc
bc;dm  is “m”, more pmvm  is use(l).

5.2. ]] IIU<AI{[:IIY

‘Ihc mo(ldcr  cm crcatc at) acti\’ily hicmrchy
when (Ic.fillinp  tl)c activities. All this mcxms is
thnl ac.[ivjlics  cm have sul~-aclivilics  which  cm
also I]:(vc. sul>-ac(ivjtics, and so on. Only (I1C
wlivity  A t h e .  top o f  t h e  hicraidy  cm bc
ins[mtintcd  itl tbc. sc.hcddc..  Whc.n an activity is
C1’CillC(l,  a l l  of il’s sul)-aclivil ic.s am cuxtc(i
:llltoIl):lti  c:llly. ‘Ilclcfm, tl)c Schcdlllc.r  Il)llst

schcxlulc  Il)c c.n[im hicmchy i f  i t  w a n t s  to
Scbc(llllc  Ollc of the. Cwm]mcnts.

1]1 ln(xicling t h e .  I)A”I’A-OIASI;  I< S]lll[(k
payload, decisions had 10 bc. m;t(lc abou[ wlIcrc

t o  pu[ ;Ic[ivitics  in t h e  adivity  hiclatchy.  Wc
(lc.cidc(l  to mo(lcl  tbosc  activitic.s  wbicb  could
1X schc(lulc(l  a r b i t r a r i l y  (aIKl  had n o  sul)-

activjlics)  a s  cvcmts not in a hicr:{l.cllv.  .Somc. .
adivi(ics  tlmt wcm  mdclc(l  a s  cvcmts
‘1’111<SS  c o n t a c t s ,  sbut(lc.  vcntins,  an(l
simp]c ac[ivitic.s which (X)111(1
ill(lc]>cl](lclltl}’, l i k e  day ac[iv:itions

11 M I )A opcm[ions  (opcming  and closing,).

I f  (m cvcmt  nlwavs  ocmm(l in S(MIN

Wcl’c
Vc,]y

OCCIII’

:111(1

f i x e d

Icnlp  (ml mlalions~  lip 10 amthm, thcm wc
nmdclcxl i t  as an activity in a  llictarchy.  1’01
itls(amc, ii S X  I H I dala Iakc consis ts  of  a
nulllbcr  of calibrations, il door opcming  aclivi[y,
s e v e r a l  scwns,  a  (10(M. closing  :Iclivity,  Ihcm a
dd[:l tl:lllSfC1’  tO tbC R A M  bllffC1’. WC ll)()(kkd

al l  o f  t h e s e  w.tivitics  as stc.ps  in an a c t i v i t y

Cal Icd  Sx I u i-l )at a-”1’akc

5.3 [k)~iLK)N S’1’t<A’l’l;GlliS

‘1’lv.xc  w e r e  a  numbcx of strdcp,ics  tl]at wc
ctlyioyc(l  in tl]c modclil]~,  pmccss that m a d e
llm(lc.lin~ the l)A’I’A-O  lASI H< ]myloa(l
Silll])lcl”.

OIIC S(l’a[cgy th:lt Wc Cmployc.(1 W:is to IC.(lllcc
tllc numbcl  of states that state variable.s could
h a v e  thmugll  discmtinlion.  1 k)r ins[ancc,,
sp:tcccmf(  oricnl al ion is best modclc(l with a
mal valucrl  3 (iimcmional  vcclor.  IIu( for
mo(lcling  pllrposcs,  \vc l’C(iLICCd  tk! nllmbc]”  o f
possib]c  oricnlntions  to a  cliscrdc  s e t  of f o u r :

Sdal”, lunar,  Cal’[h, and d e e p  Sp:lcx.

AnothcI  strategy that wc cmploycxl  in lm(lc.ling
l) A’1’A-(31ASI  i]-? W:IS to Scpalm one.

coIIIp(mcn(  into s e v e r a l .  1  ‘or itlslancc,  thcm
\\’:ls  KHllly  Only Ol]c memory bllffc.t’ that W[ls
u SC(1 for s[ori ng sc.vctal t ypcfs of data, but wc
m(dclcd it as though  it wclc. tlmc. lmffcw:  onc
for scicmc dat:i, onc for cngimcritlg  (l:ita,  and
(M]C for st(witlg  data  to 1X downlinkcxl.  Wc also
did this \vitll  Jmwcr. “J llclc.  arc Ical Iy 01)1  y t \\ ’()
])OWCV  SOUICCS, 1 )NI”A pmvu w](I C:] IAS1 O-t
powcl”,  lmt WC Illodc]c(i 111(311  [Is though  tllcl”c
wcm d i ffmcnt powm  ]CSOUICCS for cd of tlm
scicmcc  itlstmlncn(s  m(l scvcmd  o f  t h e .  otlm
sulMystctns. ‘1’his a l l o w e d  us to hack  powu
L]sagc m(m c(mvc.nicnt]y.

6, SYS’I’IN IN’1’li(ml’l”lm
1 X:A1’S will bc intcgra{cd  in(o the 1 in(l-to 1 ind
h4issjon  opcwtions  Systcm (1 H HvIOS)  that i s
c u r r e n t  I y bcinp,  dcvclopc.(1  f o r  t h e  1 JA’1  ‘,A-
~:] ] ASI i]< ~)1’ojCCt  :1S :1 ])l”Ok)ty])C  for  tk 1 ‘] Lllto
] kprcss  ] it ;MOS [ ] ()]. (:uHu)[]  y [hC. ] )A’l’,A-
C’I lASlil< lil HVK)S c o n s i s t s of 7 palls:
(’o]nln:md & Gnt m], 1 ‘aull/l  ivcn[  IM.3ction
lntcmc[im  Rcadim (1 ;/1 il)ll<),  1 )A’1’A/10 (1 Ma
han(llinp,),  the Ground 1 )at almc, the Graphical
[Iscl’ lntcl”fm>  tllc Soflwal’c  tcstbcd,  and finally
tlm planninp,  and scheduling systcm  (l)(;A1’S).

‘Illc c o m m a n d  and Colltm]  Systm  that WC, :It’c
usitl~ Systclll Gmman(l 1 mguagc  (SC~l,, also
k n o w n  a s  Spmwaf( mmlmad  1 mglla:,c)

WII id inlc.gmtc.s  pmcc(luml  pmgtammi np, wit h
a  w a l - t i m e  fonvwd  chain in~, ru]c based sys[cm.
1 )(:A1’S  itltcrfac.cs  with SO, thmugl)  l)A”l’A/10
by sc.ndinp, script sclm(luling commands  tlmt
:IN~ 10 lx sclic(lulcd citlm o n  tl)c fli@]t  or
g,mun(l  systcm.  ‘1’his is (lone by mapping 1)12
:Iclivjtics  10 S(:1, scripts  tlm( wcm  wri([cn prim



to flight. ‘Ilc.sc c[mlln:lnds arc  the .n Sent  to

1 JA’J’A/1[) where it forwards that lisl  to the S(3,
Gmpi]c]. once compilcxl they me scmt to tlm
paylo[l(l  (hrollgh tllc Llplink.

1  )[~A1’S  is  a lso it~tcrfacc(l  wi(l) the gmul)(l
l;l{h4C)S  (l:II:Il~:Isc,  C)2..02  is an objcc[  oricultcd
data base that will bc. usc(l to s[orc al] missi(m
(Ida and tclcmch.y th:d is dmvnlinkcd  b y  t h e
paylm(l.  1[ will :llsos[olc:Ic  ollllll:Ill(l  history.
‘1’hroug,h l)A’1’A/10, IXIA1’S wj]l rcqmst
c.ulrcnl p a y l o a d  s[21[Lls  dala in k form of
sensor valKs  in IIIC khndry history. 1( will
a l s o  rcquc.s(  lis[s of a l l  c(mlman(ls  uplit)kc(l

(luring,  a g,ivcn l i m e  inkrval.  ‘1’lmc arc  u s e d  b y
l)[;AI’S  toitlfc;rc  O1jll~l:i~~(l”  completion status as
wdl astogct  lllc. cllrrcml S(a[c. ofthc  payk):i(l  so
111:11 a llC.W Scllcxllllc  can bc Cl”calc(l,

l)uring  lllissi(n~  opctations,  ;Ij)l)joxitll;ltc]y
cvcIy4  I1OUIX or so, IX:A1’S will lx askcxl  by
all o p e r a t o r  1 0  gcmla[c script schcdulit]g,
col)]m:m(ls  nn(l rule ac[ivatiom for the. mxt 6
lmlws according to its schcdu]c.  Oncw this list is
finisld, ii is rcvicwc(l  by (k h4issio11  “
Opcmtions  s t a f f  cm du[y. If Iu(lp,c.(1 to k
cwrc.et, sc.ldl]lcd  scripts commands  will 1x2
sent to l)A’1’A/10 during the next available
Ilplink  window.

11 (luring Ihat 6 how pcri(d  thmc i s  a m:lior

chaI)g,c. in [hc N A S A  :ictivitics, l)CA1% will
dsk if the. users wmt to update. the sc.hcdulcd
scripts ol)-l)oad. I)llC 10 tl)c! fad  that  so,
Clll’l”cn[ly  IHIS no SCIKXIUIC(l  script instance
i(lc.t)tification,  this will invo]vc.  (Ic.scheduling
Al,l, rcm:linit):,  scripts in the qucm and then
rcsclmluling thcm. ‘1’his is fincif  the user  did
110[ Schcdlllc  my scrip(s iidc.pcn(km[ly o f
l)(lA1’S.lfl~c(li(l,:ll~(l  I)CUA1’S WSCIE(IIIICS its
list, the Llscu’s  schcdulcd  commands  will bc
1 0 S I .  I f  tlm u s e r  a c c e p t s  it, lX:Al)S  will
gcm”atc a updatd  list, ask tk usc.rs to vc.rify
il, :il)(i then (lcschc(lu]c mst of tlm 01(1 list  and
SC IN(INIC the ncw list.

IIcrdlivc.  al~,orithms  have been applid  to a wi(lc.
rallgc o f  c.olnpute.]  scicncc  pmblc]ns  SLICI1  a s

Imvcling  salcsmm [8] a s  WCII a s  Ar[ifichtl
IIlt(:lligcmc.  l’lanning  [2,6,1 1,1 3]. ltcmlivc
repair  al~,oli(hlns  h a v e  :[1s0  bccll llscd for  a

llllmlm’ o f schcduli])g Systems. ‘1’11(!

(il;RRY/C;  l]SS systcm []4] USC.S jlcr:ltivc

rcp:lir  with a  glohd c.valunti(m  function  w](I
silmlatcd  ;Ii]ncaling to SChC(ill]C.  spat.c Shll([]C

p,roun(l  proccssjng activjtics.  ‘1’hc c)pcr~iti{)I)s
Missim  l’l:mnm (Oh41))  [11 systcm  LISC(I

i[crdtivc  mpir ill c(mltination  with a llis(mica]
mo(lcl o f  tllc Schc(llllc.r actions (Glllc.d
cllronologics)”  to avoid c y c l i n g  ad gct[ii)g

cau.ghl  in ]ocal  minima. Mlolkl)yJ  ol)l)s(oll and
Min((m [7] s h o w s I1OW tlm l))in-conf]jC(s
lmristic  can bc usd not only for schcdulins,
but fora wide r:III~c of constraint s:l[isfaction
pl”oblcms. ‘1’hc 01’1s Syslcm [12] call also bc
]>clforllli[lgi[  cj:l[ivc.  rc]l:lit.  IIOWC,VCJ,  ()]’]S js
lnorc infomc(t  in Ihc application of its repair
Imtho(ls  in that il app]ics a set of a n a l y s i s
mcasurcx  to classify the lx)t{lcmxk  before
sc]c.cting a repair mdho(t,

II) sLImmwy,  IX?AI’S  rcprcscmts a significant
advance frolll  scvcra] pcrspcctivcs.  l(irst, from
;I mission (ymations  pc.lxpcctivc, I)(;Al),$ is
itnporhmt in tl)at it sip,nificantly  miuccs t h e
an munt of cffml  ad kt](wlc.(lgc. nquiw(l  [0
:,cllcl’alc. Collll  IMIKI sc.qwmccs  (0 nchicwc
n)ission operations go:~ls. sccmd,  from tllc
sl:ln(lpoinl of Ar[iticjal 1 ntcl Iigcmc.
applications, IXAIYS rcprcscmts a sig, nificmt
a]y)licnlion o f  plnnninp, and sc.hcdul  i ng
tcc}lllol{)g)~t  otllc.collll)lcx,  I’cal-wol”l(l  pl’oblcm
o f  spaccmafl  conlmandjng. ‘1’hid,  fmm  t h e
s[amtpoint o f  Ar[ifichl  lntcllig,cmcc.  Rcsc.mA,
1 X:AI’S m i x e d  illiti:ltivc  appmicl]  (o initial
SCIKXIUIC  gcncmti(m, i(cmlivc m mir,1 and
scldu]c o]>titni~,ati(m I’c )l”CSCJ1(S1 a IK)vcl
appwich to solving  complex  pl:lnnin~,  ad
schcdu]ing  pmblcms.
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